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APPARATUS FOR AND METHOD OF CXDNTROLUNG AUTOMATIC TRANSMISSION 
This application is a continuation of PCT/JP2003/D1 2551 , filed on September 30, 2003. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention r^ 
including a mechanical ctxtchard a mechanical tran^ 
protecting a mechanic 

2. Desaption of the Related Art 

In reoent years, automatic transmissions have been proposed (refer to Japanese 
Unexamined Patent Pibfcation No. 2001-165294), that are configured to electronically control a 
mechanical dutch and a mechanical transmission (this type of transm issions will be hereunder 
referred to as "mechanical automatic transmissions'), thereby automatically changing gear to a drive 
stage according to travefing conditions. In a mechanical automatic transmission, shoe there is no 
fUdc±Jtch(tonq^ 

wheels, the driving force transmission effiden^ 
consumption. Furthermore, sinre there is iro 
also possible to rnprove the d rivabffity. 
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Incidentally, when starting on an uphill, when the brake is released from a departure standby 
state in which the transmission b shifted to the forward stage and the mechanical cfejtch is 
disengaged, there is a possbflity At this tire, if the 

aooeterator pedal is pressed down to start moving without nc*^^ 
sinoe the hput shaft of the transmission is reverse 
which the relative rotet^^ Thus, there is axrem that tte 

be damaged. Conversely, on a ck>A/^ 

thereisapossbilitythatthevehictes Atthistrne, if the aooeterator 

pedal is pressed dcwn to start moving from a state in which the vehicle speed is high, the 
mechanical dutch is engaged in a state h which the rotate 

transmission is higher than the engine rotation speed . Therefore, there is concern not only that the 
mechanical dutch might be damaged, but that the engine be over-revolved. 

In order to prevent such an undesirable situation from occurring, conventional techniques 
have prevented damage to the mechanical cijtdib^ 
port h tire when the vehicle speed reaches a predetermined value w^ 
state. Then, when the aooeterator pedal or shift lever is operated after Ihe transmissions 
the neutral, the transmission shifts a 
starts driving straight away. 

However, since the gear shift is performed acxx*di^ 
pedal or the shift lever, when the vehic^ 

sometrnes engaged as before h a state h which the relative rotational speed is high. Therefore, 
there is concern that the metf There is also oonoern that such an 
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undesirabtesitua^ 
adcwnhSL 

Furthermore, a typical rotational speed sensor detects^ 
teethcfagearusnganetectrorr^^ In this case, since the rotational 

speed sensor detects only the teeth cfthe gear, ft can only measure the ab^ 
rotational speed regardless of the direction of rotation. Asaresult, hthec3se\A^efeanooainerce 
of a reverse rotation of the transmission is to be detennined using the rotational speed sensor, two 
rotational speed sensors must be installed for the sam 
the existence of reverse rotation must be deiern^ 
However, this method requires spare to hstafl the fc^ 

accuracy, and also requires an electric cirajftfor exdush/e use to perform signal processirg vvi^ 

accuracy. Herre, there is a problem cf 

large. 

SUMMARY OF THE INVENTION 

Therefore, takhg the above-described existing problems into consideration, the present 
invention has an object to pro 

mechanical dutch is protected, by enabling a reverse rotation of the transmission to be determined 

withasirpleoonstnxtion.ar^ 

when a vehicle mazes backward in a so-called hill start 
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In the present inventcn, when a 
speed's greater than or ec 

thereof, and the mechanical dutch is engaged. Here, if the transmission is shif^ 

inertia c^the driven system is ds^^ Therefore, even if the mechanical 

dutch is ergagedh this state, there is Then, based on a 

rotational fluc^ 

clutch, it is determir^ 

thetransmissicriisbea^ 

When the transmission is behg rotated h reverse, then even if, for example, the driver presses the 
accelerator pedal ctaA^ 

is preventedfrom berg shifted to the drive stage. Accordingly, when the vehicle nrK>ves backward in 

ascHaOedhfflstartthe^fr Therefore, 

the mechanical dutch cannot be engaged "n a state hwhta 

can thus protect it On the ctfier hard, shre it is deters 

rotated h reverse or rKDt based on 

process for engaging the mechanic 

rotation using a sinple cxxistaidion. 

Furthermore, preferably, it is determined that the transmission is being rotated in reverse 
when h the process for engaging tte 

on the driving side or the driven side becomes greater than or equal to a predetermined ipper ftnit 
value and less than or equal to a predetemriinedlcw^M\^lue^ That is, when the transmission is 
behg rotated h reverse, the reverse rotation's cancel 

engaging the mechanical dutch. Therefore, the rate of change of the rotational fluctua^ 
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driving side or the driven side drops signiffcanty. Afterthe reverse notation is ranceOed on the driven 
side, the rate of change of the rotational speed on the driving 

sgnificanttyarxJaftef^^ Therefore, it epossfole to 

detenriine wheiherthetnansm^ ri reverse or not, by detecting a signifcant drop 

or increase h the rate of change of the rotational speed. 

Instead cf the reverse rotation 
isdetemiinedthatthetrare 

mectenical dutch, the rotational speed on the driven sides 

value. That is, if the mechanical clrtdi is engaged whfe 

the reverse rotation on the driven side is graduatycaixBfled, so th^ 

direction as the driving side. At this tine, since the rotational speed is detected as 

the rotational speed on the driven side is zero nrxxnentarily. Aooordingly, by detecting that the 

rotational speed on the driven side is less than ex equal to a predetermined 

determine whether 

Moreover, it is desirable to deto 
the transmission is shifted to a drivel That is, when 

the driver operates to start the vehicle, he cr she presses Ihe dutch pedal dc^ 
c±jtch J andthenperfoiTnsa Asa 
result, by conducting processing for determining a departure standby state, which reflects such 
operations by the driver, it is possble to perform gear shift axitrd 
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Furthermore, ifthe transmission is net bei^ 
for a vehicte is performed,^ 
departure operation. Bysodohg,whentheveh^ 

stait the traremisskxi is shifts Therefore, it is possble to snrxxihV shift from the 

starting to a normal driving. 

Moreover, preferably ft 

accelerator pedal b pressed dcAMi at an angle greater than or equal to a predetermined angle, or 
when a gear shift nsfruc^ Bysodoing,\A^ienthe\^ideishe9d^ 
dcwnhffl due to gravity, it is possble to move the uehicte 

Furthenrore, when the infomiafonon the feet is 

preferably conducted. By so doing, the driver can rea^ 
scKaDedhfll start arxl for examples 
pedal down. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schemafc diagrammafc 
automatic transmission aooording to the present invention. 

FIG. 2 is a block diagram of a transmission in the above. 

FIG. 3 is a flew chart of a main routine in relation to gear shift control 

FIG. 4 is a flew chart of a subroutine in relation to gear shift aDrtrol. 
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RG. 5 is an explanatory tfagram^^ 
rotation of the transmission. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A delated ctescrpfon of the present invention wffl be hera 
the aocxxrtpanying drawings. 

RG.1 shews the stnxturecfe 
transmission according to the present invention. 

A transmission 20 is fitted to 
"dutch") 12 As shown in FIG. 2, the transmission 20 has a stn^ 
2QA having input and output sides thereof to which ^ 
respective^, as stb transmission 

Here, a desaptbn of the sfrudureofthetransir^ 

AspHter gear Znr6 for switdiir^ 
rotate freely on an input shaft 22 to which the ojtput from tte 
hub 24A constitutor 

A drive gearZm4, a third speed gearZm3, a second speed gearZm2, afirst speed gear Zm1 and a 
reverse gearZmR, which constitute the gear shift stages of the man tr^^ 
are fitted on a main shaft 26 located on the same axB rotate 
freely, and a range high gear Zrl for switching the range 20C to highspeed 
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end ofthe mail shaft 26. Synchronizer hu^ 
respectively fboed to the man 

Ihe second speed gear Zm2and the first speed gear Zm1,ard the firstspeedgea^ and the 
reverse gear ZmR 

A ccxjnterspBtergearZcS, a counter drive gear Zo4, a counter third speed gearZc3, a 
counter second speed gear Zc2, and a axjnter first speed gear Zc1,whicii are 
with the spHter gear Zm5, the drive gear Zhrrt, the thind speed gear Zr^ 
Zm2, and thefirst speed gear Zm1 respectively, are secured to a n^oountershaft28 located 
parallel to the input shaft 22 and tte Furthermore, a counter reverse gear ZcR, which 

is always engaged with the reverse gear 2m R \«aieversedlergearZmR1,issecunedtothem^ 
counter shaft 28. 

A range low gear Zr2 for switching the range 2(XD to a lew speed gear is 1^ 
shaft 30 located on the same axis as the nrah shaft 26, such that ft can 
syixftronizerhiiD24A(X^ 

at one end thereof. A range counter high gear Zcrl ard a range cxoiter lew gear Za2, which are 
always engaged with the range high gear Zrt aixl the range lew gear Z2, are se 
countershaft 32 located parallel to the output shaft 30. 

Furthermore, a synchronizer sleeve 24B, which slides backward and forward h the direction 
of its axis due to an actuator (not shcwih the figure), is ax^ 

eacii cf the synchronizer hifcs24A Bysfidingthe 
synchronizer sleeve 24B toward a gear to be synchronized, a synchronizer ring (not shewn in the 
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figure), is pressed onto the fncticnal 

between the synchronizing gear arrl the gear^ 

the two are syrchronizBd. 

In the transmission 20 with such a stnxture, six gear shifts^ 
man transmission 

stages are configured by shifting each ofthe gear shift stages 

The engine 1 0 is fitted with a fuel injection pur^ 
amount by an engine control unft40 irxxxporat^ 

sensor 44 for detecting the engine rotational speed. Furthermore, the clutch 12 has an outputshaft 
cfa dutch booster 46 

detedhganycrecfarri^ to disengagement state of the clutch, 

from the stroke amount, is fitted thereto. 

On the other hand, the transmission 20 is fitted with a main actual 
and a range actuator 58, which switch the man transmission 
20C respectively using pneumatic pressure via a solerotivaK/e 5 

the rontrdcf a transmission Moreover, the 

transmission 20 is fitted with a man 

position sensor 64, which detectthe gearshift stages ofthe main transmission 2QA, the splitter 20B, 
and the range 20C. Furthermore, the transmission 20 isfittedwithav^de speed sensor66 
(vehicle speed detecting devioe) for detecting the vehicle speed from the relational speed ofthe 
output shaft 30, a main rotafonal speed sensor 68 ffr 
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counter shaft 28, and a range rotatkxial speed sensor 70 for detect 
range cou n ter sha ft 32 

In the driver's cab there is provided; an acoeleratcr opening ser^ 74 tor cletectingtre 
argtethart the accelerator ped^ 

instructors for the tiar^ 20. A t^sK^e speed switch 76A for s^ 

20B is switched to tvwstve gear shift stages or not, is installed ri the shift lever 76. In addition, a 

monitor 78 for displaying the gear shift stacjeoftne transmission 20 is p*^^ 

A signal from the aooeterator opening se^ 
the fuel njecfon pump 42 is ccrtroDedacccirding to the pressed dc^ 
72. On the otherhand, the signals from each rfthe engine rotational speed 
stroke sensor 48, the n^ position sensor 60, the sd 

sensor 64, the veMcte speed sensor 66, the man rotational speed sensor 68, Iterance 
speed sensor 70, and the shift lever 76, are input to the transmission control un^ 
valve 52 and the monitor 78 are each controfed such that autcmafcge^ 
gear shift control is performed while iitercaii n unicafrg with the engine control unit 40. 

The transmission control unit 50 works hocjoperafaiwito the engine 
sensor 44, the dutch booster 46, the clutch slrote sensor 48, the sctenod 
actuator 54, the splitter actuator 56, tte range acftjator 58, the man 

speed sensor 66, the main rotational speed sensor 68, the accelerator opening sensor 74, the shift 
le\A3r76,arxJtherrKxiitor78,and^ device, a first gear shift 
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cxintrd device, a reverse 

operation determination device, a second gear shift control device, and an informing devioe. 

RG. 3 shews the content of the pn^^ 
predetermined intervals, in the transmission control unit 50. 

In step 1 (abbreviated to 'ST' h the fi 
vehicleis ha departure standby state ex not Thatis, based on signals from the spfitter position 
sensor 62, the range position sensor 64, ar^ 

the transmission 20 is h the drive Furthermore, based 

on a signal from the clu^ 

not Then ifthe transmission 20 is h 

that the vehicle is ha departure standbystate. Ifthe vehicle is determined to be h the departure 
standby state, control proceeds to step 2 (Yes), whfle if it is determined to be n^ 
standby state, control terminates (No) . The processing of step 1 ooresponds to the staixlby state 
determination device. 

In step 2, based on a signal from the vehicle speedsenscr66,itisdetermhed\A4Te^^ 
\^icte speed is greater than or equ^ Ifthe vehicle speed's 

greater than or equal tothe predetermined value Vb, control proceeds to step 3 (Yes), while ifthe 
vehicte speed is less than the prectetem 



12 



In step 3, the transmission 20 is sh^ 
latei) as shown h FIG. 4 is called in order to detenriine whether tte 
in reverse or not 

In step 4, based on a signal from 
whe*hertheac»elera^ 

predetermined angle Gb. Ifthe accelerator pedal 72 is pressed cJomi by an angle greater than or 

equal to the predetermined angle GhcxxTbd proceeds to step 6 (Y^ 

an angle less than the predetermined angle Gbcx)ntrd proceeds to step 5 (No). 

In step 5, based on a signal from the shift lever 76, it isdetermhedwheiheragearshift 
instnxtionisinputornot If a gear shift instruct 

gear shift instruction is rxtf input control reti^ The series cfprocessng of step 4 and 

step 5 corTespcrds to the departune operate 

In step 6, based on a reverse rotation flag set by the subroutine,^ 
transmission 20 is being rotated in reverse or net, thart is whe^ 
rotated in reverse based on receiving an input tarn the dri\^ 
rroverr^cfthevehte Ifthe transmission is beh^ 

(reverse rotation flag = 1), cxntrd proceeds to step 8 (Y^ 

rotated in reverse (reverse rota^flag = 0),contrd The processing of step 

6cxxTesponctetothegearshift device. 
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Instep7,shoethetransmission20isn^ 
state of pressing the accelerator pe^ 
conventional meth^ 

traveling conditions, and control proceeds to step 9. The processing tf step 7 axrespcxi^ 
second gear shift control device. 

In step 8, based on a signal faxn the veh^ 
rxtf the vehtie speed is less than a p^ If 
the vehicle speed is less than the pnedetenrthed valued 
the vehicle speed is greater than or equal to 
(No). 

In step 9, the reverse rotation flag is reset 

FIG. 4shcwsthesiixajtire 20 to the neutral, and detenrihing 

whether or not the transmission 20 is behgro^ 

In step 1 1 , the main actuator 54 is operated via the sctenodvate 
transmission 20 to the neutral. 

In step 12, each of a negative flag and a positive flag is settozero. 

In step 1 3, the dutch booster 46 is operas 
the dutch 12. 
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In step 14, based on a signal from tte 
of the engine speed (relational acceleration) ANe is ralcul^^ 

In step 1 5, it is determined whether or rx* the rate 
less than coequal to a negative thr^ Ifthe rate of change of the 

engine speed ANe is less than or equal to the 

and the negate flag is set to 1. On the other hand, ifthe rate of ciiange ofthe engine speed ANe is 
greater than the negative thre^^ 

Instep 17, it is determined whether or nctthe rate ofctarge of the engine spe^ 
greater than or equal to a positive threshold (a predetermined upper frnit). If the rate of change of the 
engine speed ANe is greater thanes 

(Yes), and the positive flag is set to 1. On the other hand, ifthe rate of change ofthe engine speed 
ANe is less than the positive thre 

In step 19, based on a signal from 
notthe engagement ofthe c*jteh12"BCornFteted. Ifergagementofthedutdi 12is 
axTtrd proceeds to step 20 (Yes), >^ 
returns to step 14 (No). 

Here, the series cfproressirg of step 11, step 13ar^ 
shift control device. 
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lnstep20,ftisdetenT^ 1, 
that 's, in the process for engaging the cL^ 
speed ANe is less than or equal to the negative threshob.a^ 

threshold, Ifthe positive flag airi the regat^ (Yes), and 

the reverse rotation flag is sei to Ontheciherhand, 
if neither the positive flag ror the The series 

coprocessing of 14 through st^ cxxresponds to the reveise natation 

determination device. 

Accxxdingtotheprocessir^ 
transmission 20 is shifted to a drives^ ifthe vehicle speed 's 

greats than or equal to the predetermined value Vb, the transmission 20 is shifted to the neutral, and 
thenthedutch 12 is engaged. In the process for engaging the dutch 12, rs determined whether 
not the rate of change of the engine speed ANe is greater than or equal to 
less than or equal tothe negative threshold. Althistnie,siroethetran^ 
neutral, even ifthe transmission 20 is beir^ 

is smaD,arxl hence there is rx)corx»m damaged. Moreover, ifthe rate of change 

of the engine speed ANe is greater than or equal to the posits threshodard less thanes 

the negative threshoti, ft i^ 

and that the transmission 20 receives an input ftxn 

Therefore, the reverse rotation flag which indicates whetoer or ntf 

reverse is set to 1. 
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Here, a description wfllb^ 
desafced processings that er^ 

RG. 5 shaAS hcwthe enghe speed Ne, the 
the man cxxmter shaft rotational speed Ncctargev^^ 
reverse, in the process for engag^t^ 

When the dutch 12 starts to engage, in a state in whicti the transmissm 
in reverse, the reverse rotation the transmi 
takes effect Atthistine, the engine speed Neon the ckiteh driving ste 
dutch driven side rotating h reverse. Afterthe reverse rotation of the transmission 20 is cancelled, 
the engine speed Nehcreases to its original state. Referring to the rate ofchange of the engine 
speed ANe, as the ergire speed Nedncps, the iBterf 

ANe becomes a mrirnim at the point in time when the reverse rotation of the transmission 20 is 

cancelled. On the other hand, afterthe reverse rotaticriofthetransm 

of change ANe increases as the engine speed Ne increases, ard becomes a ma^ 

process where the (Aitch^ Therefore, it ran be detenrir^ 

transmission 20 is being rotated in reverse, by detecting that the rate 

ANe is less that or equal to a negative threshcW 

durirgthepnDcessforengagirQtheci^ 12. 

It is also possble to determne reverse rotation of the transmission 20 using the rotational 
speed Nc of the man counter shaft 28 as the rotational speed cfthe driven side, in^^ 
change ctfthe engine speed ANe. That is,srice the main rotational speed sensor68 can onV deled 
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the absolute value 

Nc of the maan counter shaft 28 beoomes zero rrxrner^ 
relation is canoeDed. Therefore, it exhbits the chara^ 
determine that the transmission 20 is bei^ 

Nc is less than or equal to the threshold. Furthermore, it is also possbte to detenrire 
using the rate of change Ate 

as the rate of change of the engine speed ANte, instead cf the rotat^^ 
counter shaft 28. 

When the driver presses the accelerator angle 
Gb in orderto start the vehicle rrxa/ing, or operate 

the reverse rotation flag is set to 0, the transmission 20 is shifted to an opfrrtim drive stage according 
to the operation. On the other hand, if the reverse rotatim ifthe transmission 20 

is being rotated in reverse, the transmission 20 is prevented from changing gear. 

Accordingly, when the vehicle mazes tedwardh 
isinhbitedfrombehgsN Therefore the dutch 1 2 (^nrot be engaged ha state 

h which the relative On the other hand, 

when the vehicle is not moving backward, the transmission 20 

according to the driver's operation. Therefore it is possble to start driving straight away simflarty to 
conventionally 

Furthermore, when it is determined that the transmission 20 is being rt^ 
desirable to inform the driver of this by an infomnfon device 
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ortheOke. By so doing, the driver (^iBOognizB that the vehidefe 

hffl start, and for example can stop the vehicle mc^ 

It is also possble to uffize the monitor 78 as aninfonriirgdevioe. 



INDUSTRIAL APPLICABILITY 



As described above, an apparatus fbr and a method of controlling an automatic 
transmission acxxxdirg to 

using a srnple structure, and can protect a mechanical clutch 

socaDedshffl start Therefore, an extremely high utffily of the nventbn can be ensured. 



